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REMARKS 


The specification as filed is a literal translation of a patent application that was 
^ originally written in Spanish, and conforming to European standards and practices. In the 
interest of clarity and understanding, the attached replacement specification and drawings 
have been prepared, which conform to U.S. engineering and patent standards and 
practices. Although the replacement specification differs in form firom the original 
specification, the Applicants respectfully maintain that the replacement specification adds 
no new matter, because this replacement specification has been prepared based solely 
upon the information contained within the original filing. 

The attached drawing shows proposed changes marked in red. If approved by the 
Examiner, formal drawings will be submitted. 

The claims are amended to conform to U.S. patent practice, and to eliminate 
multiple dependent claims. 
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ATTACHMENT SHOWING THE CHANGES MADE TO THE SPECIFICATION 

VOLTAGE STABILISZER FOR ELECTRICAL ENERGY 
TRANSPORTATION AND DISTRIBUTION APPLICATIONS 

SPECIFICATION 

OBJECT OF THE INVENTION 

Th e h e rein descriptiv e sp e cification r e f e rs to an Invention Patent application, in 

r e lation to a voltag e stabilis e r for e lectrical e n e rgy transportation and distribution 
applications, th e aim of which is to e nable its use as a voltag e stabilis e r at diff e r e nt 
e l e ctrical e nergy voltage l e v e ls, capabl e of b e ing install e d in singl e phase and three phase 
n e tworks, consisting of on e or s e v e ral e l e ctromagn e tic d e vices of transform e r typ e and 
which, in incr e m e ntal steps, r e gulat e s the output voltag e which reaches the consum e rs. 
FIELD OF THE INVENTION 

This invention is for application within th e industry d e dicat e d to th e distribution 

of electrical e n e rgy, to b e pr e cis e within el e ctrical n e tworks with larg e voltag e drops. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to the field of electrical energy transportation and 

distribution, and in particular to a voltage stabilizer/booster that regulates output voltage 
in incremental steps. 

2. Description of Related Art 

Problems with the regulation of voltage in electrical energy distribution n e tworks 
ar e customary, as is the implantation of equipm e nt with the aim of mitigating th e 
probl e m, are known in the art, as are techniques and svstems that mitigate the problem. 

Worth m e ntioning is the e mbodiment as auto transform e rs with intake points, 
Autotransformers are commonly used to regulate and/or boost an input voltage to provide 
a constant output voltage regardless of voltage drops on the input. Typically, such 
autotransformers are controlled by static or mechanical switches, as w e ll as or via t he use 
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of motoris e d, continuously r e gulat e d auto transfoimors. motorized, continuously adjusted 
autotransformers. Such equipment is typically expensiye> and/or somewhat unreliable. 

This equipment performs th e function r e quir e d of th e m, but at the pric e of a large 

e conomic inv e stment and/or a consid e rable reduction in supply r e liability. 

For its part th e applicant is unaware of th e current e xist e nc e of any voltage 

stabilis e r for e l e ctrical e n e rgy transportation and distribution applications that is d e sign e d 
to be implant e d in e l e ctrical n e tworks with large voltage drop s and which pr e s e nts th e 
same f e atur e s as th e one described in this specification. 
DESCRIPTION OF THE INVENTION 

The voltag e stabilis e r for electrical e n e rgy transportation and distribution 

applications proposed by th e inv e ntion constitutes in its e lf an evident innovation within 
its field of application. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of this invention to provide a voltage stabilizer that can be used at 

different electrical energy voltage levels, capable of being installed in single-phase or 

three-phase networks, to provide a regulated output voltage. 

This objects and others are achieved via a voltage stabilizer To b e mor e pr e cis e , 

the voltag e stabiliser for electrical en e rgy transportation and distribution applications 
tak e s th e form of a voltage stabilis e r for e lectrical e n e rgy transportation and distribution 
applications, admitting of installation in singl e phase and thr ee phas e n e tworks, 
consisting of one or more electromagnetic devices of transformer typ e, and which, in 
incremental steps, regulates the output voltag e, particularly within electrical networks 
with large voltage drops which r e ach e s th e consum e rs . 

The basic regulation device consists of a transformer with a primary dual or 
quadruple winding, and with a simple secondary winding, that is configured p repar e d to 
withstand the su pply line's fiiU intensity. The secondary is configured to lie in series 
between the supply input and the regulated output, and may be positioned before of after 
the configurable primary branch. The simple winding may be position e d b e for e or aft e r 
th e parallel branch, th e p e rformanc e of th e equipm e nt r e maining the sam e . With th e aid 
of th e appropriate commutation Via appropriate configurations of the primary windings. 
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corrections are made to the output voltage, with the purpose of keeping it within pre-set 
margins. 

This basic element offers features of very considerable economy, robustness and 
efficacy, the output discretisation being five or nine-step, which makes the invention of 
interest to installations where there is a major problem of voltage regulation and where a 
coarse regulation is required at around the nominal voltage value. 

Nevertheless, should greater resolution be needed, the invention admits the use of 
devices in series, with regulations stepped 4:1. 
DESCRIPTION OF THE DRAWI>JGS 

In order to compl e m e nt th e h e r e in d e scription, and with th e aim of assisting in th e 

b e tt e r und e rstanding of the inv e ntion's charact e ristics, attached to the h e r e in 
sp e cification, and forming an int e gral part of it, is a s e t of plans in which, by way of 
illustration and in no way limiting, the following has b ee n depicted: 

Figur e 1. - offers a graphic repr e s e ntation of th e singl e phas e schem e equivalent of 

th e e quipm e nt's pow e r circuit and shows, to b e mor e pr e cis e , th e downstr e am 
comp e nsation which allows th e main transform e r's power to b e reduc e d, at th e pric e of 
not e xploiting to th e fiill th e magn e tic circuit at non nominal voltag e s. Figure 1 
corresponds to the obj e ct of th e invention r e lating to a voltag e stabilis e r for e lectrical 
energy transportation and distribution applications. 

Figur e 2. - off e rs a vi e w similar to that shown in figure 1, e xploiting to th e full th e 

magn e tic circuit at non nominal voltages as a cons e qu e nc e of upstr e am compensation. 
PREFERRED EMBODIMENT OF THE INVENTION 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is explained in further detail, and bv wav of example, with 

reference to the accompanving drawings wherein: 

FIG. 1 illustrates an example diagram of a single-phase voltage stabilizing device in 
accordance with this invention, wherein the secondarv winding is placed after the 
primarv branch, therebv allowing the transformer power to be reduced, at the cost of not 

fully exploiting the range of voltage regulation available. 

FIG. 2 illustrates an example diagram of a single-phase voltage stabilizing device in 
accordance with this invention, wherein the secondarv winding is placed before the 
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primary branch, thereby fully exploiting the range of voltage regulation available from 
this device. 

Throughout the drawings, the same reference numerals indicate similar or 

corresponding features or functions, 

DETAILED DESCRIPTION OF THE INVENTION 

The voltage stabilizer of this invention may be embodied for a single-phase 

transformation, or thrice replicated for use in a three-phase network. In a three-phase 
a pplication, independent control of each phase may be provided, or a common control, 
using multi-pole switches, may be employed, as will be evident to one of ordinary skill in 
the art in view of this disclosure. The voltag e stabilis e r for e l e ctrical energy 
transportation and distribution applications which is b e ing propos e d and which is 
sp e cifically d e sign e d for e l e ctrical e n e rgy transportation and distribution applications, 
may be e mbodied for a single phase or thr ee phas e n e twork. Th e el e ments sp e cifi e d are 
thos e us e d in the singl e phas e equipm e nt, but it should b e point e d out that th e 
construction of th e thr ee phas e stabilis e r is imm e diat e giv e n that all that is n ee ded is to 
triplicat e th e e quipm e nt if on e control p e r phas e is d e sir e d, or to triplicat e the numb e r of 
contactor and r e lay pol e s, should a joint control b e desir e d. 

As may be s ee n in figur e s 1 and 2. ther e There are two variants of th e invention, 
distinguished by whether the line compensation (secondary coil) lies "downstream" (FIG. 
1\ or "upstream" (FIG. 2) of the primary branch, which lies parallel to the input supply in 
each variant singl e phase sch e m e e quival e nt of th e e quipment's pow e r circuit, th e 
diff e r e nc e as shown b e tw ee n both r e siding in th e fact of wh e ther th e line comp e nsation is 
b e fore or aft e r th e parall e l branch . The downstream compensation, shown in figure 1, 
allows the main transformer's power to be reduced, at the price of not exploiting to the 
full the magnetic circuit at non-nominal voltages. There is full exploitation in upstream 
compensation, the scheme for which is shown in figure 2. 

Th e voltag e stabilis e r for electrical e n e rgy tran s portation and distribution 

applications is compos e d of In each of the variants, the voltage stabilizer comprises a 
transformer, trip/contact/relay elements, and a controller pan e l . The controller (not 
illustrated) controls each of the switches/relay elements SC. SRI, and SR2. as detailed 
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below, and is preferably implemented as a microprocessor that measures the output 
voltage Vout. The switch/relay SC is a power-cutting element that controls whether to 
engage the transformer to effect an increase or decrease in the output voltage. 

The transformer tak e s th e shap e of a transformer whose primary voltag e is th e 
same as th e lin e 's nominal singl e phase voltag e (VfnV as r e f e rr e d to in th e figur e s 
m e ntion e d above, and whos e s e condary voltag e is th e sam e as th e maximum voltag e 
incr e ase that it is wish e d to inj e ct into the line (Vinv), also to b e s ee n in the figures. 
comprises primary coils PI and P2, and secondary coil S. The primary coils PI and P2 
are configured, via the switch SRI to be either in parallel, or in series, with each other, 
and in parallel with the input supply voltage (FIG. 1), or the output supply voltage (FIG. 
2). The switch SR2 determines the direction of coupling (polarity) between the primary 
PI, P2 and secondary S coil arrangements. The primary coils PI and P2 are substantially 
identical to each other, and have substantially equivalent coupling to the secondary coil 
S. 

The primary winding i s coil e d doubl e in two e lectromagnetioally id e ntical coils. 
This e nables it to b e conn e ct e d at th e 2'^'VfnA^iny connection too. 

In tho case of downstr e am comp e n s ation, as shown in figur e 1, th e pow e r of this 

machine will bo Viny^Ilin e a, wher e Ilin e a is th e nominal current of the lin e on th e 
stabilis e d s ide. In th e ca s e of upstr e am compensation, th e sch e me for which is shown in 
figur e 2, th e pow e r of this machin e will b e Viny*Ilin e a (l+VinyA^fii), alb e it th e s e rvic e s 
of comp e nsation provid e d ar e higher. 

With r e spect to the trip/contactor/r e lay e l e ments, it should b e pointed out that th e 

e quipment requir e s a pow e r - cutting e l e ment (CI) with on e normally clos e d contact (NC) 
and another normally open (NO), at a nominal lin e curr e nt. 

In addition two isolator e l e ments (Rl and R2) ar e n e eded, each of which is 

provid e d with two normally op e n contacts and two normally clos e d contacts (NO and NC 
respectiv e ly), with a nominal Vfe A^^ y, th e curr e nt of tho hne. These two e l e m e nts may be 
substitut e d by static cutting element s . 

As for th e control panel, it should be point e d out that it consists of a 

microproc e ssor which measure th e output voltage and sends th e orders to th e trip, 
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contaotor and r e lay e lem e nts, in ord e r that th e y ar e oorreotly configured for adjusting tho 
voltag e within limits. 

As for th e mod e of op e ration, it should b e point e d out that th e configuration of the 

contactors as shown in figure 1 allows for fiv e possible mano e uvr e s to bo carried out. 
Nam e ly: 

With CI, that is to say th e pow e r cutting e l e ments, at rest and th e isolator 

elem e nts in any position, th e e quipm e nt is physically disconn e ct e d fi-om th e n e twork. It 
should b e point e d out that this mod e of operation allows th e continuity of the supply to bo 
guarant e ed in th e fac e of a failur e in th e e quipment, as w e ll as avoiding th e introduction 
of loss e s in th e non stabilisation situation. 

With CI activated and th e two isolator e lem e nts at rest, th e regulator multiplies 

th e input voltage by (1+0.5'*' Vfa A^H y). In nominal conditions this m e ans an inj e ction of 

With CI and Rl activat e d and R2 at r e st, th e r e gulator injects into th e n e twork a 

voltag e of +Vffl y -V in nominal conditions. 

With CI and R2 activat e d and RI at r e st, th e r e gulator inj e cts into the network a 

voltag e of 0.5 V^y V in nominal conditions. 

With CI, Rl and R2 activated, th e r e gulator inj e cts into th e n e twork a voltag e of - 

Vift y V in nominal condition s . 

The configurations shown in FIGs. 1 and 2 allow for five possible states of the 

transformer arrangement, as follows: 

With SC in the position illustrated, the secondary coil S is bypassed, and the 

primary coils PL P2 are disengaged. In this state, the output voltage Vout will equal the 
input voltage Vin. Preferably, this state is the default state, thereby allowing a continuous 
output voltage in the event of a failure of one or more of the elements comprising the 
voltage stabilizer. 

With SC in a position opposite to that illustrated, the secondary coil S is placed in 

series between the input voltage Vin and the output voltage Vout. and the primary coils 
are engaged. In this state, the output voltage is given as: 


Vout = Vin + Vs. 
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Where Vs is the volta|ge across the secondary coils S. 

At the positions illustrated, the primary coils are coupled in series with each other. 

yia SRK and the coupling, yia SR2, places the yoltage Vs across the secondary coil S in 
phase with the input voltage Vin. Assuming that the number of turns in each primary is 
Np and the number of turns in the secondary is Ns, the yoltage across the secondary coil 
S, and the output yoltage are giyen as: 

Vs = Vp*Ns/r2*NpV and 

Vout = Vin -h Vp*Ns/(2*Np). 
where Vp is the yoltage across the primary branch, and the 2*Np term is due to the fact 
that two primary coils, each of Np tums. are connected in series within this branch. When 
SR2 is in the position opposite to the position shown in the figures, the phase of the 
induced yoltage in the secondary S is reversed, and 
Vout = Vin - Vp*Ns/(2*Np). 

When SRI is in the position opposite to the position in the figures, and SR2 is as 

illustrated, the primary coils are connected in parallel. In this state, the yoltage across the 
secondary coil S, and the output voltage are given as: 

Vs = Vp*Ns/Np, and 

Vout = Vin + Vp*Ns/Np. 

When SR2 is in the position opposite to the position in the figures, the phase of 

the induced voltage in the secondary S is reversed, and 

Vout = Vin - Vp*Ns/Np. 

That is to say, CI, to b e precise th e pow e r cutting e l e ment, conn e cts th e 

e quipm e nt, whil e on e isolator el e m e nt (Rl) d e t e rmines the magnitude of the trip (0.5 ^V^ y 
et^ji y) and th e oth e r isolator e lem e nt (R2) d e t e rmines th e configuration's polarity (+/ ■ ). 

In FIG. 1, Vp corresponds to Vin. whereas, in FIG. 2, Vp corresponds to Vout. 
Table 1 illustrates the output voltage for each state of the switches/relays SC, SRI, SR2, 
wherein "0" corresponds to the de-asserted states illustrated in the figures, and "1" 
corresponds to the asserted opposite state. 


SC 

SRI 

SR2 

Vout 

Vout 
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TABLE 1 


Th e control of th e basic e lement m e asur e s in n e twork cycl e r e al time th e e ff e ctive 

valu e s of th e e quipm e nt's output voltages, thus p e rmitting th e m to be stabilis e d within a 
margin of [Vfe +/ ■ Vmy/ 4 ], provid e d that th e input voltage li e s within the int e rval 

As illustrated, the circuits of FIGs. 1 and 2 provide five incremental steps of 

voltage adjustment, corresponding to increments of 0.5*Ns/Np. When four primaries are 

provided, the switch/relay SRI is configured to provide one, two, three, or four coils in 
series, therebv providing incremental steps corresponding to increments of 0>25*Ns/Np. 

Th e voltage compensation manoeuvres are carri e d out in lin e with th e following 
proc e ss, nam e ly: 
1. Deactivation of CI. 

2. - With th e aid of Cl's auxiliary contact, verification that the mano e uvr e was 

carried out corr e ctly. 

3. - Activation/d e activation of Rl and R2 (mano e uvr e without voltage or curr e nt). 

4 . - Activation of CI. 

In a preferred embodiment of this invention, the controller is configured to 
measure the output voltage Vout periodically, and correspondingly adjusts the 
switches/relays SC, SRI, SR2 as required to incrementally increase or decrease the 
output voltage. Preferably, when a change of state of SRI or SR2 is required, SC is 
deasserted to disengage the primary coils before the change of state is introduced. 

The foregoing merely illustrates the principles of the invention. It will thus be 

appreciated that those skilled in the art will be able to devise various arrangements which. 
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although not explicitly described or shown herein, embody the principles of the invention 
and are thus within the spirit and scope of the following claims. 
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